Ab-initio calculation on Mg doping into AlN nanowires
To further understand the mechanism of Mg dopant incorporation in AlN nanowires, we have performed the first-principle calculation on m-planes (nanowire sidewalls) using the Vienna Abinitio Simulation Package (VASP). The calculations were performed on a 4×4 superlattice with the asymmetric slab mode. The vacuum layer thickness is 20 Å. Surface reconstruction was considered in the calculation and functional hydrogen was employed to saturate dangling bonds.
The structure used for the calculation is shown in Fig. S1a , and doping position index n = 1 indicates the surface. The Mg formation energy for each layer is shown in Fig. S1b , and it is seen that the near-surface region (n = 3) has much lower formation energy compared to that in the bulk region (e.g., n = 7). This will lead to Mg surface preferential incorporation. However, as discussed in the main text, to realize p-type doping, the Mg surface incorporation rate has to be larger than the Mg surface desorption rate. 
Free hole concentration estimation
The free hole concentration in AlN LEDs was estimated by the nanowire structure as described 
